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Neoplastic transformation is the abnormal proliferation of cells. These transformations are
often related to changes in cell surface glycoconjugates which can be detected by lectins.
We evaluated the anti-tumor potential of BlL, a galactoside-binding lectin isolated from
Bothrops leucurus venom as well as its cytotoxicity and hemolysis activity. The phospha-
tidylserine externalization and mitochondrial membrane potential were also determined.
BlL exhibited cytotoxic activity against all tumor cell lines tested by induced phosphati-
dylserine externalization and mitochondrial depolarization, indicating cell death by
apoptosis.
 2012 Elsevier Ltd. Open access under the Elsevier OA license.Cancer is the second cause of mortality worldwide
(Hemalswarya and Doble, 2006) and in Brazil the estimate
for the year 2010 (also valid for 2011) is the occurrence of
489,270 new cases of cancer (Instituto Nacional de Câncer,
2009). Etiologic factors associated with cancer include
improper diet, genetic predisposition and environment
conditions; the majority of human cancers result from
exposure to environmental carcinogens (Reddy et al.,
2003). Glycosylation is the most frequent form of post-
translational modiﬁcations of proteins (Chen et al., 2007;
Rek et al., 2009) and alterations in the pattern of cell surface
glycoconjugates are remarkably characteristic of malignant
cells associated with induction of tissue invasion and; fax: þ55 81 2126
.T.S. Correia).
lsevier OA license.metastasis (Hakomori, 2002; Kobata and Amano, 2005;
Reis et al., 2010). Due to their peripheral location, oligo-
saccharide epitopes of glycoproteins and glycolipids are
recognized by membrane-anchored carbohydrate-recog-
nition domains of different molecules, including lectins
(Jiménez-Castells et al., 2008).
Lectins comprise proteins or glycoproteins which bind
speciﬁcally to mono- or oligosaccharides and glyco-
conjugates (Wu et al., 2009). Carbohydrate-speciﬁcity of
lectins has been shown to be a versatile and useful
molecular tool for study of glycoconjugates on the cell
surface, in particular the changes that cells suffer in
malignancy (Sharon and Lis, 2004). Thus, lectins are
excellent candidates to be explored in cancer research as
therapeutic agents. Lectins from snake venoms exhibit
several biological activities like the ability to inhibit
integrin-dependent proliferation, migration and invasion
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ability to reduce the growth of tumor and endothelial cells
(Carvalho et al., 2001). The induction of tumor cell
apoptosis by snake venom lectins has been observed (Nolte
et al., 2012). However, different mechanisms of action
induction of apoptosis can be involved and therefore need
to be investigated. The BlL is a galactoside-binding lectin
isolated from the venomof Bothrops leucurus (white-tailed-
jararaca). BlL is a Ca2þ-dependent protein of 30 kDa
composed of dissulﬁde-linked dimers of 15 kDa and
exhibits antibacterial activity against human pathogenic
Gram-positive bacteria (Nunes et al., 2011).
Apoptosis (programmed cell death) is an essential
cellular homeostasis mechanism that ensures the correct
development and function of multi-cellular organisms.
However, cancer cells show a reduced sensitivity towards
apoptosis and tumors are dependent on the mechanisms of
this resistance to persist and continue development.
Therefore, the discovery of drugs that selectively affect the
balance of tumor cellular functions towards apoptosis is of
enormous therapeutic interest. According Taraphdar et al.
(2001), induction of apoptosis is an important strategy for
cancer therapy and prevention. The aims of this study were
to evaluate the in vitro cytotoxicity of BlL on different
human tumor cell lines (K562, NCI-292 and Hep-2) and its
ability to induce apoptosis in human tumor cells.
An Annexin V FITC Apoptosis Kit was purchased from
Calbiochem. All the solvents and other chemicals usedwere
of analytical grade from Gibco, Invitrogen, Sigma–
Aldrich and Merck. All solutions were prepared with water
puriﬁed by theMilli-Q system (Millipore). BlL was puriﬁed
according to the protocol previously described by Nunes
et al. (2011). The cell lines used in the cytotoxicity assays
were K562 (chronic myelocytic leukemia), NCI-H292
(human lung mucoepidermoid carcinoma cells) and Hep-
2 (human larynx epidermoid carcinoma cells) obtained
from the Instituto Adolfo Lutz (São Paulo, Brazil). The non-
tumorigenic cell line (HaCaT), derived from human kerati-
nocytes was purchased from Cell Line Service (CLS, Hei-
delberg, Germany). The cells were maintained in DMEM
supplemented with 10% fetal bovine serum, 2 mM gluta-
mine, 100 U/mL penicillin and 100 mg/mL streptomycin and
maintained at 37 C with 5% CO2.
Cytotoxicity of BlL was tested in tumor cell lines
(K562, NCI-H292 and Hep-2) and in non-tumorigenic cell
line (HaCaT). The cells (105 cells/mL for adherent cells or
0.3  106 cells/mL for suspended cells) were plated in 96-
well microtiter plates and after 24 h, BlL (0.07–50 mg/mL)
dissolved in DMSO was added to each well and incubated
for 72 h at 37 C. Then, MTT (5.0 mg/mL) was added to
the plate and growth of tumor cells was estimated by the
ability of living cells to reduce the yellow tetrazolium to
a blue formazan product (Mosmann, 1983; Alley et al.,
1988). Negative control groups received only DMSO;
etoposide (1.25–20 mg/mL) was used as a positive control.
After 3 h (for suspend cells) or 2 h (for adherent cells),
the formazan product was dissolved in DMSO and
absorbance was measured using a multi-plate reader
(Multiplate Reader Thermoplate). The BlL effect was
quantiﬁed as the percentage of control absorbance of
reduced dye at 450 nm.The K562 suspension (0.3  106 cells/mL) was seeded in
96-well microtiter plates and incubated at 37 C at 5% CO2
for 24 h; after this period, BlL at IC50 was added. After 48 h
the cells were stained with annexin V and propidium
iodide using Annexin V–FITC Kit (Calbiochem) following
the protocol provided by themanufacturer and analyzed by
an epiﬂuorescence microscope (Carl Zeiss, Gottingen,
Germany) at 1000 magniﬁcation under oil immersion
with ﬁlters for LP 515 nm emission and BP 450–490 nm for
excitement. A minimum of 200 cells was counted in every
sample.
Mitochondrial depolarization was evaluated by incor-
poration of JC-1 (5,50,6,60-tetrachloro-1,10,3,30-tetrae-
thylbenzimidazolcarbocyanine iodide), a ﬂuorescent
lipophilic cationic probe (Kang et al., 2002; Guthrie and
Welch, 2006). The probe JC-1 is freely permeable to cells
and undergoes reversible transformation from a monomer
to an aggregate form (Jagg). K562 suspension (0.3  106
cells/mL) was seeded into 96-well microtiter plates and
incubated at 37 C and 5% CO2; after 24 h, BlL at IC50 was
added and plates incubated for 48 h. Then, 50 mL of treated
cell suspension were collected and incubated with JC-1
(10 mL/mL) for 30 min in the dark followed by washing
two times with PBS. The cells were ﬁxed with 4% para-
formaldehyde (10 mL), mounted on glass slides, and ﬂuo-
rescence was observed using an epiﬂuorescence
microscope (Carl Zeiss, Gottingen, Germany), at 1000
magniﬁcation under oil immersion with ﬁlters for LP
515 nm emission and BP 450–490 nm excitement. A
minimum of 200 cells was counted in every sample. Cells
with high potential of mitochondrial membrane were
stained in red, while cells with low membrane potential
were stained in green.
All data are presented as mean  S.D. The IC50 values
were obtained by nonlinear regressionwith 95% conﬁdence
interval using the SigmaPlot software (Systal Software Inc.,
San Jose, USA). The differences between experimental
groups were determined using one-way analysis of vari-
ance (ANOVA) followed by the Newman–Keuls test at
signiﬁcance level of 1%.
Cytotoxicity of BlL on cell lines was evaluated after 72 h
using MTT assay. BlL exhibited cytotoxic activity against all
tumor cell lines with IC50 values of 11.75  0.035,
6.63  0.052 and 15.42  0.060 mg/mL for Hep-2, NCI-H292
and K562, respectively. Etoposide was used as a positive
control and showed IC50 values of 6.10  0.19, 2.75  0.10
and 4.48  0.23 mg/mL for Hep-2, NCI-H292 and K562,
respectively. Cytotoxic activity against non-tumorigenic cell
line was not observed. The involvement of apoptosis
induction onK562 (chronicmyelocytic leukemia) deathwas
veriﬁed byevaluation of phosphatidylserine externalization
using the Annexin V-FITC kit and epiﬂuorescence micro-
scope. We observed that after treatment with BlL (15.42 mg/
mL), the number of cells in early apoptosis (Ann Vpos/PIneg)
corresponded to 70.5% (Fig. 1a). Treatment with BlL exhibi-
ted values less than 1% of late apoptotic cells (AnnVpos/PIpos)
and values less than 2% of cell necrosis (AnnVneg/PIpos).
Fig. 1b also shows that the treatment of K562 cells with BlL
caused mitochondrial membrane potential loss, as the epi-
ﬂuorescence microscopy analysis determined that BlL
treatment induced a signiﬁcant increase in cells with
Fig. 1. Effect of BlL on cell population determined by epiﬂuorescence microscopy. (a) Cell number (%) in early apoptosis by evaluation of phosphatidylserine
externalization using the Annexin V-FITC kit, after 48 h incubation. (,) viable, (-) apoptotic and ( ) necrotic cells. (b) Mitochondrial depolarization (%)
measured by JC-1 incorporation, after 48 h incubation. Negative control (NC), Etoposide (E) and BIL (15.42 mg/mL). NC was the vehicle used (DMSO). Etoposide
was used as a positive control. The cell line used in assays was K562 (chronic myelocytic leukaemia). The K562 suspension used was 0.3  106 cells/mL. *p < 0.01
in comparison to control by ANOVA followed by the Newman–Keuls test. Data are presented as mean  S.D. from three independent experiments.
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cells, as measured by JC-1 incorporation.
Uncontrolled proliferation and decreased apoptotic
signals are attributes of oncogenic transformation (Hill
et al., 2003), and activation of apoptosis constitutes
a fundamental mechanism by which drugs may kill tumor
cells (Debatin, 2004). Therefore, compounds with the
ability to induce apoptosis in tumor cells have potential as
anticancer agents (Reed, 2003). MTT assay demonstrated
that BlL showed a signiﬁcant cytotoxic effect indicating that
the activity of this lectin was not speciﬁc to a particular
tumor cell type. Glycoconjugates or saccharides present on
the surface of tumor cells are binding sites for lectins (Luo
et al., 2007) and differences in sugar patterns between
different tumor cells may be a reason for the differential
effect of BlL. Differences in the effects of snake venom
lectins towards human tumor cell lines have been reported
(Pereira-Bittencourt et al., 1999; Carvalho et al., 2001). In
addition, cells that do not express speciﬁc carbohydrates
may be insensitive to cytotoxic lectins (Gorelik et al., 2001).
The morphological and biochemical characteristics of
apoptosis are nuclear chromatin condensation, DNA frag-
mentation, membrane blebbing (Okada and Mak, 2004;
Vermeulen et al., 2005), externalization of phosphati-
dylserine (Hengartner, 2000) and depolarization of the
membrane potential (Ly et al., 2003). In this study,
apoptosis induction in BlL-treated K562- cells was assessed
by epiﬂuorescence microscopy analysis of phosphati-
dylserine externalization on the cell surface and mito-
chondrial membrane potential.
The loss of plasma membrane asymmetry represents an
early event of apoptosis resulting in translocation of
phosphatidylserine from the inner to the outer surface
while membrane integrity remains unchanged (Van
Engeland et al., 1998; Fadok et al., 2000; Kagan et al.,
2000); this externalization provides the recognition andremoval of apoptotic cells by phagocytes (Zimmermann
et al., 2001; Taylor et al., 2008). The phospholipid-binding
protein annexin V has a high afﬁnity for phosphatidylser-
ine and binds to cells ﬂuorescently labeled with FITC
(Reyes-Zurita et al., 2009). However, translocation of
phosphatidylserine also occurs during necrosis, so propi-
dium iodide is often used to bind to nucleic acids (Gong
et al., 2007). We observed by staining with annexin V-
FITC simultaneously with propidium iodide dye that BlL
was able to increase signiﬁcantly the number of apoptotic
cells. The results suggest that the cytotoxic effect is due to
induction of apoptosis.
The mitochondrial apoptotic pathway is one of the
major routes to initiate apoptosis (Kuo et al., 2010).
Different stimuli cause changes in the inner mitochondrial
membrane leading to the opening of the mitochondrial
permeability transition pore, loss of the mitochondrial
membrane potential (Ly et al., 2003; Saelens et al., 2004)
and pro-apoptotic protein release from the intermembrane
space into the cytosol (Mayer and Oberbauer, 2003;
Borutaite, 2010). Our studies demonstrated that treatment
with BlL increased mitochondrial membrane potential loss,
which may indicate cell death by apoptosis in K562 cells.
Some lectins such as Con A, POL, PCL and MLL may cause
disruption of the mitochondrial membrane potential as an
event associated with apoptosis (Liu et al., 2009a, 2009b,
2009c; Zhao et al., 2010).
Based on these considerations, the galactoside-binding
lectin from B. leucurus snake venom (BlL) exhibited cyto-
toxic activity on tumor cells and induced apoptosis in K562
cells, as veriﬁed by phosphatidylserine externalization
analysis and mitochondrial membrane potential determi-
nation. Moreover, data suggest that BIL fails to induce
apoptosis in cultured human nontransformed cells. These
results suggest that BlL has a promising potential for
application in the therapy and/or diagnosis of cancer.
E.S. Nunes et al. / Toxicon 59 (2012) 667–671670Future studies are needed to elucidate the details of BlL
induced-apoptosis mechanism in several tumor cell lines.
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